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I. Research Summary 

Observat ional  program: Extensive coverage of t h e  Uranus and 

Neptune  systems, as w e l l  as a t  l e a s t  t h r e e  exposures of each of t h e  

satell i tes* 6-12, was obtained i n  the  course of four  observing runs 

on t h e  O t t o  Struve  2 . 1  m r e f l e c t o r  and one run on t h e  75 cm r e f l e c t o r  

of t h e  McDonald Observatory. Ar lo t  pa r t i c ipa t ed  i n  t h e  1974 USNO 

observa t ions  of Gal i lean  s a t e l l i t e s  and prepared predic t ions  f o r  t h e  

o c c u l t a t i o n s  of t h e  Sa turn ian  system. 

Date reduction: A t  Austin, t h e  app l i ca t ion  of t h e  Skylab PDS 

microdensitometer t o  t h e  measurement of astrometric!’ plates has  proven 

immensely success fu l  i n  a s e r i e s  of q u a n t i t a t i v e  tests.  

being used t o  reduce t h e  plates taken a t  McDonald. A t  t h e  U.S. Naval 

Observatory, t h e  SAMM has been used t o  reduce a l l  of t h e  1968 and 1973 

observa t ions  of t h e  Galilean s a t e l l i t e s  taken by D. Pascu. 

I t  is now 

Instrumentat ion:  Preparat ions are underway t o  manufacture nichrome 

s p o t  f i l ters with t h e  UT Astronomy Department. 

system has been i n s t a l l e d  i n  t h e  Cassegrain camera t o  improve image 

measurabi l i ty .  

s y s t e m  is under study. 

A new double-slide 

The p o s s i b i l i t y  of cons t ruc t ing  an automatic guiding 

T h e o r e t i c a l  s tud ies :  The program t o  develop t h e  d i s tu rb ing  

func t ion  for t h e  p a i r s  of resonant (Saturnian) s a t e l l i t e s  i s  complete, 

as is a program t o  evaluate  t h e  f i n a l  series f o r  coordinates  and 

p a r t i a l  de r iva t ives .  The el iminat ion of t h e  non-resonant terms from 

t h e  Hamiltonian, f o r  t h e  case Enceladus-Dione, is now underway. 

S 

11. Personnel  working on t h i s  gran t  during r epor t  period ‘ 

Dr. J. Derral Mulholland 
Dr. W i l l i a m  H. Jefferys 111 
Dr. Pe te r  J. Shelus  

(P r inc ipa l  Inves t iga tor ,  not  charged) 
(Co-investigator, V 3  time) 
(Co-investigator, 1/4 t i m e ,  no t  charged) 
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Dr. David W. Dunham (Co-investigator, no t  charged) 
M i s s  Lynne R. R i e s  (Graduate student,  1/2 time) 
Mr. Richard I. Abbot (Graduate student,  1/4 t i m e )  
Mr. Jean-Eudes Ar lo t  (Consultant, f u l l  time) 

111. F i n a n c i a l  S t a t u s  

During t h e  r e p o r t  period, t h e  budgeted funds were spent  a t  

somewhat i n  excess of a l i n e a r  annual rate, as a n t i c i p a t e d  i n  t h e  

l as t  r epor t .  Nonetheless, there  was a s i g n i f i c a n t  carryover  of funds 

i n t o  t h e  next period, due t o  the slowness of e a r l y  grant a c t i v i t i e s  

n e c e s s i t a t e d  by mid-semester s t a r t u p  l a s t  November. 

an expanded observing schedule a s  a result of t h i s  ,s i tuat ion.  

We are pursuing 

IV. Observat ional  Program 

The observing program a t  McDonald Observatory is now w e l l  

e s t ab l i shed .  During the r e p o r t  period, four  dark-Moon runs of  f o u r  

days each were scheduled on t h e  Otto Struve 2 . 1  m te lescope and one 

run of f ive  days on t h e  7 6  cm r e f l e c t o r .  A l l  2 1  days yielded successfu l  

observat ions,  which is a remarkable record.  Extensive coverage was 

obtained on t h e  systems of Uranus (31 plates on 16  days over 2 1/2 months) 

and Nep tune  (40 plates  on 20 days over 3 months). A l l  of t h e  middle 

and outer sa t e l l i t e s  o f  J u p i t e r  were observed also,  bu t  no t  s o  

heavily,  because of t h e i r  r e l a t i v e l y  small mean motions. The range 

extends from 3 observat ions over one month (XI and XII) t o  7 observat ions 

over 3 months (VI). Observers included Abbot, J e f f e r y s  and Sheluz.  

Table I summarizes t h e  observations.  

The Gal i lean  s a t e l l i t e s  are not observed a t  McDonald, under a n  

agreed d i v i s i o n  of r e s p o n s i b i l i t i e s  amongst t he  groups a c t i v e  i n  t h e  

coord ina ted  s a t e l l i t e  e f f o r t .  However, A r l o t  a s s i s t e d  D. Pascu (USNO) 
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in h i s  observat ions of those  objects  with t h e  53 c m  (26") r e f r a c t o r  

of t h e  Naval Observatory, Washington. 

An unexpected conjunction of i n t e r e s t s  between two sepa ra t e  

research  p r o j e c t s  a rose  during the  p a s t  winter,  when the re  were a 

s e r i e s  of l u n a r  occu l t a t ions  of  Saturn.  High-precision observat ions 

of t hese  even t s  are capable of giving information on both t h e  pos i t i ons  

and diameters of t h e  s a t e l l i t e s .  Dunham, cur ren t ly  funded under a 

grant f o r  l una r  s tud ies ,  computed predic t ions  of t h e  s a t e l l i t e  

events  based on d a t a  suppl ied by K. Aksnes (SAO) and d i s t r i b u t e d  them 

t o  observers.  Some v i s u a l  observations were obta&ed i n  Europe on 

1974 March 2-3, while  photoelectr ic  measures of the  1974 March 30 

occu l t a t ions  of f i v e  s a t e l l i t e s  were obtained a t  Mauna Kea by a Corne l l  

Univers i ty  team. Dunham is p a r t i c i p a t i n g  in  t h e  ana lys i s  of t hese  da ta .  

D u r i n g  t h e  next period, two observing runs (September and January) 

are envisioned a t  McDonald f o r  t h e  2 . 1  m telescope, as w e l l  as an October 

run on the 2.7 m r e f l e c t o r ,  the first such use of t h i s  instrument. A 

high p r i o r i t y  is t o  be given t o  confirmation of t h e  discovery of 

J u p i t e r  X I I I .  

V. Data Reduction 

Through t h e  courtesy of  D r s .  K. Henize, J. D. Wray and, G. F. 

Benedict  t h e  NASA-SKYLAB PDS microdensitometer system a t  t h e  Universi ty  

of  Texas a t  Austin has  been made ava i l ab le  f o r  our as t romet r ic  measures. 

Th i s  instrument is p a r t  of t he  reduct ion  system f o r  SKYLAB experiment 

SC19 and is only a v a i l a b l e  $or our programs on a l imi t ed  bas i s .  

images are d i g i t a l l y  d i rec ted ,  it is poss ib le  t o  make use of' a l l  

p o s i t i o n a l  information contained i n  those  images t o  produce pos i t i ons  

Since 
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Table  1: Summary of McDonald S a t e l l i t e  Observations 

J u p i t e r  7 

J u p i t e r  8 

J u p i t e r  9 

Uranus system 

Object  - Date Telescope 

J u p i t e r  6 1974 May 18 0.76 m 

Jun 28 2 . 1  

J u l  24 
25 

Aug 13 
15 

Jun 25 
J u l  25 
Aug 15 

Jun 26 
J u l  25 
Aug 13 

15 
16 

Jun  27 
J u l  24 
Aug 13 

15 
J u p i t e r  10 Jun 28 

J u l  24 
Aug 14 

16 
J u p i t e r  11 J u l  23 

26 
Aug 14 

J u p i t e r  12 J u l  23 
26 

Aug 14 
May 14 

15 
16’ 
17 

P l a t e s  

1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
3 

Exposure s 

1 
4 
3 
1 
2 
1 
1 
1 
1 
1 

” 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

13 
12 
12 
12 

* 
Observer 

S 
S 
S 
S 

S 
S 
S 
A 

S 
A 
S 

S 
S 
JA 
A 
S 
S 
S 
A 
A 
S 

S 

A 
S 
S 
S 
A 
S 

S 
S 
S 
S 
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Table 1 (Continued) 

Uranus system May 1 8  (3.76 1 4 J 
20 2 8 s, J 
21 1 4 J 
22 3 12 J 

Jun 25 2.1 2 5 A, s 
26 2 5 S A  
27 
28 

Jul 23 
24 

4 5 

6 S A  
4 A 

4 5 

25 1 2 A 
26 1 1 5 

Neptune system May 1 4  1 4 
15 2 8 

5 

5 

16 2 8 5 

17 1 4 5 

18 0.76 2 8 s, J 
19 
20 
21 
22 

2 8 
2 8 
2 8 
3 12 

J 
J 
J 
J 

Jun 25 2.1 3 6 S,A 

26 3 12 A, s 
27 
28 

Jul 23 
24 
25 
26 

Aug 13 
15' 
16 

2 6 A 
4 13 S,A 
2 8 S,A 
1 4 A 
2 8 
2 8 
2 8 5 

1 3 JA 
1 3 5 

* 
Observers: A = R. I. Abbot, J = W. H. J e f f e rys ,  J A  = J. A f r i c a n 0  

S = P. J. Shelus  
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of t h e  highest q u a l i t y .  

i n  t h e  p o s i t i o n  of a s i n g l e  s t a r  determined from a s i n g l e  p l a t e  has 

been made by  W. F. Van Altena giving a t e n t a t i v e  value of 0 = 1.0 p. 

Fur ther  advantages of t h i s  system include t h e  el iminat ion of personal  

equat ion and the a b i l i t y  t o  accura te ly  measure images which are f a i n t e r  

than  those  which can be measured by hand center ing  techniques.  

A preliminary ana lys i s  of t h e  1 0 scatter 

On 

sa t e l l i t e  p l a t e s  where images a re  extremely c lose  t o  highly overexposed 

p r i m a r i e s ,  t h e  sub t r ac t ion  of modelled background dens i ty  has  proven 

t o  be s i g n i f i c a n t  in t h e  acqu i s i t i on  of more accurate  pos i t ions .  

a t y p i c a l  s a t e l l i t e  p l a t e  with some 30-40 referencg stars and 1-10 

satell i tes can be scanned by t h e  PDS s y s t e m  i n  less than 30 minutes; 

t h e  corresponding time f o r  hand measures is s e v e r a l  hours. 

F i n a l l y  

U s i n g  t h e  PSS microdensitometer system and employing the  necessary 

sof tware  to produce pos i t i ons  from d i g i t a l l y  scanned information t h e  

s t anda rd  dev ia t ions  in r i g h t  ascension and dec l ina t ion  of t h e  f i t  i n  

determining t h e  sa te l l i t e  p la te  re ference  stars from SA0 ca ta log  stars 

on t h e  Na t iona l  Geographic-Palomar Sky Survey g l a s s  copies  have been 

in  a range 0'.'4-0'.'5, which is the approximate accuracy of a s i n g l e  SA0 

pos i t i on -  A l i m i t e d  f i e ld  of SA0 stars i n  a box approximately 2" on a 

s i d e  centered on t h e  s a t e l l i t e  f i e l d  is used. The s tandard devia t ions  

in r i g h t  ascens ion  and dec l ina t ion  in  determining absolu te  s a t e l l i t e  

pos i t i ons  from the TTbootstrap" re ference  star system have been i n  t h e  

range 02-024. 

images on a sa te l l i t e  plate ,  since most plates contain fou r  t o  six 

exposures each, combining tne measures t o  form a normal po in t  p l a t e  

w i l l  s t a t i s t i c a l l y  reduce these f igu res .  The t o t a l  uncertainty of t h e  

These values  only apply t o  t h e  first measured set of 
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absolu te  p o s i t i o n s  of s a t e l l i t e s  w i l l  be a weighted R.M.S. sum of 

t h e  two uncertainties mentioned above. 

a v a i l a b i l i t y  of more accurate  catalogs of re ference  stars s h a l l  al low 

more accurate abso lu te  posi t ions t o  be obtained from our measures. 

For the  present ,  since our  measures a r e  more accura te  than  t h e  re ference  

frame t o  which they  are compared, when t h e  greatest accuracy is des i red ,  

i n t e r - s a t e l l a r y  distances can probably be given with fa r  greater accuracy 

than  can be absolu te  pos i t ions .  

It is a n t i c i p a t e d  t h a t  t h e  

Since t h e  use of the  PDS microdensitometer is l imited,  progress 

on p l a t e  measures has not  been a s  fas t  as desired.  %,Through August w e  

have s a t i s f a c t o r i l y  scanned a l l  of MulhollandTs 2 . 1  meter observat ions 

of  S a t u r n  during the 1972 December opposit ion.  

t h e  process of  scanning t h e  76 cm observat ions f o r  t h a t  opposi t ion and 

a n t i c i p a t e  t o  be completed with that  se t  by la te  fa l l .  A t  t h a t  t i m e  

We a r e  present ly  i n  

t h e  r e s u l t  of those  measures will be presented i n  s u i t a b l e  astronomical 

l i t e r a t u r e .  

U s i n g  t h e  SAMM, a t  the USNO, A r l o t  measured and reduced a l l  

of  Pascu's 24 p l a t e s  (72 exposures) taken of t h e  Galilean sa t e l l i t e  

with t h e  USNO 66 c m  te lescope  i n  1973. Four of  Pascu 's  1968 p la tes  

were remeasured and a p a r t i a l  rereduet ion was performed on t h e  t o t a l  

of 28 p l a t e s  (95 exposures). 

V I .  Instrument a t  ion 

It has been decided t o  f a b r i c a t e  t h e  nichrome spo t  f i l t e r s  with 

equipment and personnel  here a t  t h e  Universi ty  of Texas a t  Austin.  This  

should a l l o w  u s  use  of such f i l t e r s  a t  considerable  savings over 

commercial o r  o the r  means of obtaining these  items. 
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Since s t u d i e s  on t h e  f a i n t  ou te r  sa te l l i t es  of J u p i t e r  r equ i r e  

q u i t e  long  exposure t imes a t  the te lescope,  i n  the  i n t e r e s t  of ease 

and accuracy, w e  have been s-udying t h e  p o s s i b i l i t y  of adding automatic 

guiding c a p a b i l i t y  t o  our camera. 

d i s e c t i n g  instrument which would be used wi th  a Nova mini-computer 

interface- 

We a r e  present ly  examining an image 

Such would allow s u i t a b l e  o f f s e t s  t o  be input  t o  t h e  system 

t o  al low the photographic p l a t e  t o  move with t h e  s a t e l l i t e  which is 

moving w i t h  r e s p e c t  t o  t h e  s t e l l a r  background (and, of course, with 

r e s p e c t  t o  t h e  guide s ta r  a l so) .  

w i l l  be  obta ined  from McDonald Observatory with the"remainder of funds 

r equ i r ed  coming from t h e  savings r e a l i z e d  i n  our own f a b r i c a t i o n  of 

spo t  filters. 

It is hoped t h a t  p a r t i a l  support  w i l l  

Present ly ,  using hand guiding techniques, when obtaining 

exposures of t h e  faint outer  s a t e l l i t e s  of J u p i t e r  i n  order  t o  record 

faint sa te l l i t e  images one moves t h e  photographic p l a t e  w i t h  r e spec t  

t o  the  stellar background t o  mimic t h e  satel l i te ;  motion. 

one thereby  ob ta ins  exposures with a point  sa te l l i t e  image and re ference  

star t ra i l s .  S ince  such star trails are d i f f i c u l t  t o  measure accura te ly  

we are a t tempt ing  t o  devise  an observing technique t o  eliminate star 

trails . .  The fol lowing modification t o  our plate  holders  have been 

made, but have not, as yet ,  been t e s t ed .  A double dark s l i d e  system 

is employed. One s l i d e  is a normal dark s l i d e ;  t h e  o ther  is i d e n t i c a l  

t o  t h e  first except t h a t  a small diameter ho le  is  placed i n  the  c e n t e r  

of t h e  slide. 

After exposing t h e  f u l l  p l a t e  f o r  a time(3 t o  5 minutes) s u f f i c i e n t  t o  

record  a su i tab le  re ference  frame upon t h e  p l a t e  t he  dark s l i d e  with 

O f  necess i ty  

An exposure begins with t h e  removal of both dark s l i d e s .  
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t h e  hole  is replaced. 

only the c e n t r a l  p a r t  of the  p la te  is being exposed. Near the  end of 

t h e  exposure t h e  second dark s l i d e  is again removed and t h e  reference 

Thus during the  maximum p a r t  of t h e  exposure 

star frame is again impressed on the  f i e l d .  O f  course, s ince  t h e  

photographic plate  is moved with respec t  t o  t h e  star re ference  frame 

throughout t h e  exposure t h e  second " f u l l - p l a t e  exposure" d isp laces  

t h e  second re ference  s t a r  frame with respec t  t o  t he  first. The end 

r e s u l t  is a p l a t e  w i t h  two s e t s  o f  reference stars and one s a t e l l i t e  

image. S ince  a l l  images a r e  p o i n t s  ins tead  of trails ,  measures can 

be made far more accura te ly .  The i d e n t i c a l  system"can produce s imi l a r  

r e s u l t s  if and when we employ automatic guiding techniques. 

V I I .  Theory of Encyladus-Dione 

Since  s t a r t i n g  i n  February, progress on the  o r b i t s  of resonant 

s a t e l l i t e  p a i r s  has been s a t i s f a c t o r y .  

t h e  "d is turb ing  funct ion,  " which contains  the  e s s e n t i a l  dynamics, i n t o  

The b igges t  job is t o  develop 

a m u l t i p l e  Four ie r  series in i ts  arguments. A program has been develop- 

ed i n  the TRIGMAN language t o  accomplish t h i s .  

v a r i a b l e  p rec i s ion  i n  making the development, s o  t h a t  t h e  des i red  

This program al lows f o r  

p rec i s ion  can be se l ec t ed  a t  w i l l .  For  t e s t  purposes, w e  a r e  working 

exc lus ive ly  with t h e  system Enceladus-Dione. Ult imately we intend t o  

use the  same programs on the  other two pairs of s a t e l l i t e s  as w e l l  

(Mimas-Tethys and Titan-Hyperion) . 
A t e s t  program has been w r i t t e n  t o  take  the  r e s u l t i n g  s e r i e s  

development and eva lua te  it and i ts  de r iva t ives  a t  s e l ec t ed  points,  

and compare these  va lues  with the exact formulae. This program has 
S 

1 

I 
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been used t o  v e r i f y  t h e  s e r i e s  expansions, and is r e t a i n e d  a s  a t e s t  

program f o r  t h e  rest of t h e  pro jec t .  

F ina l ly ,  rou t ines  have been programmed f o r  t h e  c a l c u l a t i o n  of 

t h e  par t ia l  d e r i v a t i v e s  of an a r b i t r a r y  expression with respect t o  

any of a set  of  canonica l  (Delaunay) va r i ab le s .  These rou t ines  w i l l  

be r equ i r ed  f o r  t h e  next s t age  and f o r  t h e  production of t h e  f ina l  

r e s u l t s .  

is in preparat ion.  

A p a p e r  on t h e  methods used t o  expand the  d i s tu rb ing  func t ion  

An i n c i d e n t a l  r e s u l t  of t h e  a c t i v i t i e s  has been t o  make s e v e r a l  

expansions of t h e  TRIGMAN language, s p e c i f i c a l l y  to  a l low subscr ip ted  

v a r i a b l e s  i n  t h e  s e r i e s  expansions and more expedi t ious eva lua t ion  of 

s e r i e s .  A by-product of  t h e  improvements t o  TRIGMAN has been some 

research  i n t o  t h e  f a s t e s t  ways t o  eva lua te  s e r i e s  i n  FORTRAN programs 

(Shelus iS J e f f e r y s ,  s e e  Sect ion M). F i n a l l y ,  a bug in t h e  TRIGMAN 

output  package has been located and removed as a r e s u l t  of our a c t i v i t i e s  

t h i s  year. 

We are c u r r e n t l y  embarked on t h e  next s tep ,  t h e  e l imina t ion  

of all terms f rom t h e  Hamiltonian except f o r  t h e  resonant terms. 

should no t  take  too  long. Af t e r  t h a t ,  it w i l l  be necessary t o  s tudy 

t h e  resonant  Hamiltonian in order  t o  determine the  b e s t  way t o  handle 

it. 

eva lua t ion  of t h e  per turba t ions  and t h e i r  de r iva t ives .  

executable  on any machine supporting FORTRAN IV, and not  only t h e  

This  

The f inal  s t age  w i l l  be t o  produce FORTRAN decks f o r  t he  d i r e c t  

These w i l l  be 

CDC 6600. 

s 
V I 1 1  . Theory of Gal i lean  S a t e l l i t e s  t 

Pascu’s observat ions of t h e  Gal i lean s a t e l l i t e s  were compared 
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with computed pos i t i ons  from Sampson's theory, as provided by t h e  

Bureau des  Longitudes. The r e s u l t s  (Arlot, see s e c t i o n  IX) included 

so lu t ions  f o r  e r r o r s  in both  the theory and t h e  observations,  and they 

ind ica t e  t ime-variant longitude e r r o r s  i n  t h e  t h e o r i e s  of a l l  f o u r  

ob j ects . 
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